Objective The Family Satisfaction with End-of-Life Care (FAMCARE) has been used widely among caregivers to individuals with cancer. The aim of this study was to evaluate the psychometric properties of this measure using item response theory (IRT). Methods The analytic sample was comprised of caregivers to 1,983 patients with advanced cancer. Among the patients, 56 % were females, with mean age 59.9 years (s.d.=11.8), 20 % were non-Hispanic Black. The majority were family members either living with (44 %) or not living with (35 %) the patient. Factor analyses and IRT were used to examine the dimensionality, information, and reliability of the FAMCARE. Results Although a bi-factor model fit the data slightly better than did a unidimensional model, the loadings on the group factors were very low. Thus, a unidimensional model appears to provide adequate representation for the item set. The reliability estimates, calculated along the satisfaction (theta) continuum, were adequate (>0.80) for all levels of theta for which subjects had scores. Examination of the category response functions from IRT showed overlap in the lower categories with little unique information provided; moreover, the categories were not observed to be interval. Based on these analyses, a three-response category format was recommended: very satisfied, satisfied, and not satisfied. Most information was provided in the range indicative of either dissatisfaction or high satisfaction. Conclusions These analyses support the use of fewer response categories and provide item parameters that form a basis for developing shorter-form scales. Such a revision has the potential to reduce respondent burden.
Satisfaction with care includes the following components: accessibility, coordination, emotional support, personalization of care, and support of decision making [8] . Fourteen different instruments have been used to measure family satisfaction in palliative care populations [4] , several of which were developed specifically for use in such settings including the McCusker scale [9] , the satisfaction scale for family members receiving inpatient palliative care [10] , and the Family Satisfaction with End-of-Life Care (FAMCARE) for cancer patients [11] . The FAMCARE has been used widely [1, [12] [13] [14] [15] to support findings that families of patients receiving palliative care interventions are more satisfied with care than those in usual care receiving only such interventions as supportive social services and pain management.
The FAMCARE is a 20-item scale designed to measure family satisfaction with advanced cancer care [16, 17] . In one study, the internal consistency and test-retest reliability were estimated as 0.91 and 0.93, respectively, among cancer patients [11] . Original development of the measure identified four domains: information giving, availability of care, psychosocial care, and physical patient care [11] , although further research did not support this multidimensional framework [13, [18] [19] [20] and most studies supported a unidimensional structure.
Because the scale was specifically developed for patients in home-based palliative care settings, a revised 17-item version (FAMCARE-2) was recently developed [21] in Australia for use in inpatient settings. Additionally, others have used a shortened 19-item version [22] and a 6-item version, FAMCARE-6, which was adapted for use in outpatient oncology settings [19] . Little work has been conducted among ethnically diverse samples, and to our knowledge, no studies have used item response theory (IRT) to examine the 20-item FAMCARE.
IRT [23] incorporates latent variable models that confer many advantages over traditional methods of item analyses and is the methodology used in item banking projects sponsored by the National Institutes of Health [24] . Unlike those derived from classical test theory (the method most often used to examine measures), IRT parameter estimates are theoretically invariant and can be compared across groups. Classical test theory (CTT) parameters and statistics such as proportion positive, corrected item-total correlations, and coefficient alpha are affected (confounded) by sample characteristics and thus cannot be compared. Moreover, CTT internal consistency estimates are omnibus statistics in the sense that they are summary measures of reliability, whereas IRT precision or reliability estimates can be examined at varying points along the attribute continuum. It is more realistic to expect that precision is greater at varying points along the continuum than to assume that one value summarizes measure performance for all levels of the state or trait. Finally, information functions derived from the models and analyses provide a means for selection of the best item subsets when short forms are developed.
The aims of this study were to examine the psychometric properties of the FAMCARE using IRT among a relatively large, ethnically diverse sample that included 388 nonHispanic blacks.
Conceptual model
According to the literature review above, it was posited that the measure is essentially unidimensional with one single underlying attribute, but that additional variance may be explained due to additional factors or satisfaction subscales. The items were posited to be effect indicators in that the underlying latent variable satisfaction gives rise to the indicators and accounts for the variance in the item set.
Methods

Sample
The analytic sample was comprised of 1,983 patients with cancer from a study of palliative care. Hospitalized patients with advanced cancer were recruited from six hospitals in the Eastern and Midwestern United States to study outcomes for patients and families who receive inpatient palliative care consultation team services. Patients were required to meet the following criteria: aged 18 years and older, diagnosis of metastatic solid tumor or CNS malignancies, locally advanced head and neck or pancreas cancers, metastatic melanoma, or transplant-ineligible lymphoma and myeloma. Participants were excluded if their attending physician did not give permission to recruit their patients, did not speak English; had a diagnosis of dementia, were admitted for routine chemotherapy, died or were discharged within 48 h of admission, or had previously received palliative care consultation.
The FAMCARE scale was administered to family members by a research nurse via telephone 1 week post discharge. If a patient died during the hospitalization, the family member was contacted by telephone 2 months after the death and administered the FAMCARE. These latter cases were excluded from the analyses.
The study was approved by the Institutional Review Board at Mt. Sinai Medical Center.
Statistical approach
Prior to analyses, item distributions were examined. A preliminary analysis of the total sample and all five-response categories was performed using item response theory. The graded response model [25] was used to evaluate the measure; such IRT methods have been recommended to model health-related constructs, e.g., [26] . The category response functions were examined in order to determine whether any categories were overlapping and if they provided unique information. The motivation for these analyses was to determine if categories should be collapsed prior to further analyses.
Subsequent factor analyses to examine dimensionality were performed using split samples, constructed by selection of two random halves in order to use one sample for cross-validation of results. The random first half of the sample was used for the exploratory factor analyses with principal components estimation and tests of scree, and the second half was used to obtain the confirmatory bi-factor solution. The bi-factor model assumes that a single general trait explains most of the common variance but that group traits explain additional common variance for item subsets (see [27] ).
A Schmid-Leiman (S-L) [28] transformation using the "Psych" R package [29] was performed in order to find an alternative set of group factors for the bi-factor model [27] . All items were specified to load on the general factor, and the loadings on the group factors were specified following the Schmid-Leiman solution. The final bi-factor model was run using MPLUS [28] . Polychoric correlations based on the underlying continuous normal variables were estimated using MPLUS [30] . The explained common variance (ECV), which can be estimated as the percent of observed variance explained, provides information about whether the observed variance covariance matrix is close to unidimensionality [31] . Reliability can be evaluated by decomposing the scale score into the sum of the item scores and the contribution of the common term or communality. Known as McDonald's [32] Omega Total (ω t ), this reliability estimate is based on the proportion of total common variance explained. Omega Hierarchical (ω h [33] ) is calculated as the sum of the squared loadings on the general factor, divided by the total scale score variance (see [34] ). The final IRT model was evaluated using the total sample. The estimates for the discrimination and severity (location) parameters (a and b , respectively) were evaluated; the item and test information functions were graphed; and the reliability estimates were calculated for points along the dimension of the underlying construct, denoted as θ (theta). The discrimination parameter informs about the strength of the relationship between an item and the trait measured, e.g., satisfaction. The severity (location) parameter indicates at what point along the satisfaction continuum the item maximally discriminates (separates or differentiates among examinees at different satisfaction levels or groups). These parameters are useful in determining which items are most informative in terms of the measurement of the underlying construct, satisfaction. IRTPRO [35] was used for IRT parameter estimation and tests of model fit.
Results
Sample characteristics
After omission of individuals who responded to less than 50 % of items and those responding after the death of the family member, the analytic sample was comprised of caregivers to 1,983 patients. Among the patients, 56.2 % were females; the mean age was 59.9 years (s.d.=11.8), and 35.1 % were 65 years of age or older. The mean educational level was 13.6 years (s.d. = 3.2); 19.6 % were non-Hispanic Black and 76.5 % were non-Hispanic White.
The caregivers were family members living with the patient (43.5 %), family members not living with the relative (35.0 %), friends (10.5 %), home health aides (1.4 %), and staff or certified nursing aides (0.1 %); 1.6 % refused to provide and 7.9 % were missing the relationship.
Examination of item distributions
The majority of respondents (82 to 93 % across items) expressed satisfaction with care. The main distinction was between the category "satisfied" and "very satisfied." The majority of respondents reported that they were "satisfied." Across most items, about one fourth to one third of respondents reported feeling "very satisfied" with care. For the data set analyzed here only 0.5 to 2.3 % responded "very dissatisfied," and for most of the items, 1 % or fewer of respondents reported being "very dissatisfied." Between 0 and 7.7 % responded "dissatisfied," and for the majority of items fewer than 5 % of respondents reported being "dissatisfied." Finally, between 2.1 and 6.9 % responded "undecided," with fewer than 4 % of respondents reporting "undecided" for the majority (80 %) of items.
Preliminary IRT analyses
The results of preliminary IRT analyses using all response categories are given in Supplementary Fig. 1 ; category response functions and item information functions are shown. The graphic shows the information function superimposed on the category response functions. What is evident is that for all items the lower categories are overlapping such that the probability of response is similar for these three categories: very dissatisfied, dissatisfied, and undecided, indicating little if any unique information provided by these categories. As an illustration, Fig. 1 shows the category and boundary response functions from the preliminary IRT analyses for an illustrative more informative item. The graphs also show that this is a relatively discriminating item with a slope of 3.29. The boundary response functions show that the distance between the lower categories is not equal and is not equal to the distance between the highest two categories, indicating the lack of interval level responses. For example, the difference in response levels between the highest two categories are much larger than that observed between the lower categories (Fig. 1a) . There is considerable overlap in the areas under the curves of the lowest three categories, indicating little unique information provided (Fig. 1b) . Moreover, the "very dissatisfied" category provides maximum information at a point (about −2.3) for which there are few or no respondents. Figure 1c shows the category response functions after collapsing categories to three; there is little overlap among categories. Due to sparse data in the very dissatisfied categories, equivocal classification in terms of the "undecided" category, and the results of the preliminary IRT analyses, items were coded as ordinal and collapsed as follows: "very satisfied" responses were coded as 2, "satisfied" as 1, and indecision or "dissatisfaction" as 0. The resulting sum score was from 0 to 40. The remainder of the analyses was performed using these three collapsed response categories.
Exploratory factor analyses
The simple first to second eigenvalue ratio test supported essential unidimensionality (total sample: eigenvalues of 12.723 to 0.915 or 13.9 to 1; random first half of the total subsample: 12.775 to 0.929 or 13.8 to 1). The first component (eigenvalue) explained 84.4 % of the variance in the total sample and 84.7 % in the random first half subsample. The scree plots showed a clear dominance of the first component relative to the others (see Supplemental Fig. 2) . The fit indices for the unidimensional and two-factor models performed by MPLUS for the total sample were 0.965 for the comparative fit index (CFI) for the one factor and 0.978 for the two-factor solutions; the root mean square error of approximation (RMSEAs) were 0.095 for the one factor and 0.080 for the two-factor solutions. The fit indices for the first random half subsample were 0.974 for CFI for the one factor and 0.973 for the two factor solutions; the RMSEAs were 0.095 for the one factor and 0.087 for the two factor solutions (Supplemental Table 1 ).
Bi-factor analyses
Prior to analyses, the inter-item polychoric correlation matrix was reviewed; correlations range from 0.40 to 0.84 in the total sample (see Supplemental Table 2 ). The graphic depiction of the bi-factor model (derived from the empirical results) for the total sample tested is shown in Supplemental Fig. 3 . Tables 1  and Supplemental Table 3 show the factor loadings from the Schmid-Leiman and MPLUS solutions for the unidimensional and bi-factor models for the total and random split sample, respectively. The relative size of the general and group factor loadings (MPLUS two group factors) indicates a very strong general factor. Loadings for all items were higher on the general factor than any of the group factors for the total sample and the second half random subsample, suggesting essential unidimensionality. The range of the loadings on the general factor (MPLUS solution, total sample) was from 0.60 to 0.85; the range of the loading on the group factors was from 0.01 to 0.44 (see Table 1 ). Similarly, for the second half random subsample, the range of the loadings on the general factor was from 0.59 to 0.85; the range of the loading on the group factors was from 0.12 to 0.45 (see Supplemental Table 3 ). The RMSEA statistic produced by "Psych" R for the SchmidLeiman three-factor solution was 0.09 for the total sample and 0.08 for the second half of the random subsample, and for the MPLUS bi-factor model, it was 0.07 for the total sample and the second random half subsample (see Table 2 ), applied using the general and three group factor results from the Schmid-Leiman solution (see Supplemental Table 1 ). The fit statistics for the bi-factor models were slightly better than the unidimensional models (bi-factor total sample = CFI, 0.984; unidimensional total sample = CFI, 0.965; bi-factor second half sample random subsample = CFI, 0.985; unidimensional first half subsample = CFI, 0.974) (Supplemental Table 1 ).
Essential unidimensionality The essential unidimensionality estimates were high; the ECV from the Psych R program was 0.99, and 0.90 and 0.89 for the total sample and second half of the subsample from the MPLUS bi-factor model (see Table 2 ), respectively. ECV statistics were 0.90 for the bi-factor model for the total sample compared to 0.64 for the unidimensional MPLUS model and 0.89 compared to 0.63 for the second half random subsample (Table 2) . Although there appears to be some modest support for a bi-factor solution, with items loading on three group factors: (1) doctor involvement; (2) information sharing; and (3) nurse, resource availability, speed, and coordination; the loadings on the group factors were very low, and nearly all items loaded much higher on the general factor, which were very similar to (within 0.03 to 0.05 of the magnitude) the loadings on the one-factor solution (see Table 1 ). Therefore, the bolus of evidence supports an essentially unidimensional structure.
Final IRT analyses
The IRT discrimination (a ) parameters estimated with IRTPRO, ranged from the lowest 1.46 (satisfaction with "availability of hospital bed") to the highest 3.67 (satisfaction with "the way tests and treatments are followed up by the doctor") (see Table 3 ). Additional items with discrimination parameters above 3.0 were "how thoroughly the doctor Estimates are based on marginal reliability for response pattern scores
For the one or two factor model, omega h is not meaningful because three factors are required for identification in the calculation of omega h. However, omega total is interpretable for a unidimensional solution assesses the patient's symptoms" (3.32), "doctor's attention to patient's description of symptoms" (3.21), "availability of the doctor to the patient" (3.21), "information given about the patient's tests" (3.16), and "information given about how to manage the patient's pain" (3.02). The severity (location) parameters (b) ranged from −2.01 ("availability of nurses to the family") to 1.09 ("information given about side effects"; Table 3 ). The range of the location parameters reflects the overall relatively high satisfaction rates with mean scores between 1 (satisfied) and 2 (very satisfied) (see Supplemental  Table 4 for item means).
Information The information functions (estimated using IRTPRO) for all the items in the FAMCARE item set are bimodal with two peaks where most information is provided. The first peak for individual items is in the theta area between −2.0 to −1.2 translating into the range for the sum score between 4 and 13 on the satisfaction scale. The second peak is in the theta range from 0.2 to 1.1 or the sum score range between 25.5 and 36. Most information was provided in the range indicative of either dissatisfaction or high satisfaction. Less information was provided in the range of scores indicative of reporting being "just" satisfied. (see Supplemental Fig. 4 , and Fig. 2 ).
In terms of individual items, inspection of Supplemental Fig. 1 shows that little information was provided by about half of the items. The final IRT model showed that the most information was provided by about five items, particularly the last row of items. The highest information function (3.4) was for the item: "the way tests and treatments are followed by the doctor," which peaked at the theta levels of −1.4 and then 0.4. The items providing the next highest amount of information were "how thoroughly the doctor assess the patient's symptoms" (2.8 at theta −1.5 and 2.7 at theta 0.4) and then the item, "availability of the doctor to the patient" (2.6 at theta −1.4 and 0.4), "doctor's attention to patient's description of symptoms" (2.6 at theta −1.6 and 0.3), and "information given about the patient's tests" (2.5 at theta −1.3 and 0.7). The following provided the least amount of information: "availability of hospital bed" (0.5 at theta −1.7 and 0.8), "the patient's pain relief" (0.7 at theta −1.9 and 0.4), "availability of nurses to the family" (0.8 at theta −2.0 and 0.2), and "information given about side effects" (1.0 at theta −1.3 and 1.1).
Reliability
Different reliability estimates were obtained from several methods. The internal consistency estimate from the "Psych" R package was 0.97, omega hierarchical (three group solution) 0.88, and omega total (three group solution) 0.97 (Table 2 ). The Cronbach's alpha reliability estimate as well as the standardized alpha was 0.95. Corrected item-total correlations ranged from 0.53 ("availability of hospital bed") to 0.77 ("the way tests and treatments are followed up by the doctor") (Supplemental Table 4 ). Based on the IRTPRO results, the estimates of The RSMEA indicative of the IRT model fit was 0.078 reliability were calculated along the theta continuum and ranged from 0.72 (higher end of theta) to 0.97 at theta −1.6, −1.2, and at 0.4 and 0.8 (Table 4 ). In general, reliability was adequate (>0.80) for all levels of theta for which subjects had scores (θ <2.2) (see Table 4 ). The average reliability estimate was 0.92. Examining the distributional characteristics of the measure, the mean sum score was 23.65 (s.d.=8.63) with the median of 21; the mean theta was −0.01 (0.95) with the median of −0.29. Skewness statistics were 0.33 (0.06) and 0.57 (0.06), and kurtosis was −0.30 (0.11) and 0.07 (0.11). The Kolmogorov-Smirnov test of normality was 0.16, p <0.001 and 0.15, p <0.001; Supplemental Table 5 ). Twenty percent of the respondents had a score of 20 or the average score of "satisfied" on all items, and almost one third had a sum satisfaction score between 19 and 21 equivalent to the theta values between −0.5 and −0.3 (Supplemental Figure 5 and Supplemental Table 5 ).
Discussion
Previous factor analytic studies of the FAMCARE support an essentially unidimensional solution; however, not all studies confirmed that such a solution was superior [18] . Previous studies were of smaller samples and none used item response theory to examine the items. The results of the analyses presented here indicate that although a bi-factor model fit the data slightly better than did a unidimensional model, the loadings on the group factors were very low and the amount of improvement in fit was not large. Thus, as found by other authors [13, 19, 22 ], a unidimensional model appears to provide adequate representation for the item set.
Although at least one third of the sample responded in the middle (satisfied) range of the continuum, less information is provided by this item set at that point on the scale. More information is provided for those who are very satisfied or not satisfied. In part, the relatively lower information provided in the "just" satisfied or middle range of the measure reflects inclusion of many non-informative items in these analyses. Future analyses will examine shorter version scales comprised of the more informative items.
A possible limitation of the analyses is that due to sparse data, not all response categories were used. Although collapsing categories can result in loss of information, it is often observed that item responses for satisfaction-type items are very skewed and that typical analytic methods may not be optimal [36] because most responses are in the satisfied categories. The steps between such ordinal ratings and examination of minimal ratings may be more predictive of actual satisfaction. It may be important to distinguish very satisfied vs. satisfied because many individuals are reluctant to express dissatisfaction, and may merely select the "satisfied" category to register their dissatisfaction. Thus, the most informative distinction in satisfaction measurement may be the difference between "satisfied" and "very satisfied." The decision to collapse the lowest three categories into a "not satisfied" category was supported by examination of the category response functions which showed that the lowest two categories were overlapping and the third (undecided) category provided minimal or no information at its peak. Moreover, inclusion of the lower categories resulted in non-interval level responses. Based on the IRT analyses, three response categories are recommended: very satisfied, satisfied, and not satisfied. Given the very sparse data, little information is obtained from the small percentage (about 1 %) of individuals responding "very dissatisfied" or the roughly 3 to 4 % responding "undecided," particularly as this category is not necessarily ordinal or clear in meaning. Such a revision has the potential to reduce respondent burden.
The information provided here can serve as a basis for selecting shorter forms if desired. First, one may select the items providing the most information. Second, one may select items that provide maximal information at varying points along the continuum. The next step in these analyses is to examine differential item functioning (DIF) among various groups: age, gender, race/ethnicity, and education. Items that show DIF of large magnitude are less desirable. Although shorter scales have been developed, the information provided by IRT and DIF using large, ethnically diverse samples is critical for use in developing short-form scales. The analyses presented here using a relatively large, ethnically diverse sample with application of item response theory adds to the scientific literature regarding this important measure.
